The effect of acute allograft rejection on exercise hemodynamics was evaluated in 8 consecutive cardiac allograft recipients (group 1) when the right ventricular endomyocardial biopsy showed evidence of allograft rejection (R), and when no evidence of rejection (NR) was present. A separate group of 10 cardiac transplant recipients (group 2) with no evidence of rejection on biopsy done at the end of the first and second year posttransplantation served as controls. The exercise hemodynamics were abnormal in both groups in both studies with a moderate increase of the pulmonary artery wedge pressure to a mean of 17.2 (NR) and 19.4 mm Hg (R) in group 1 (p=not significant [NS] ) and 20.1 and 21.2 mm Hg in group 2 (p=NS), a mild increase of the mean right atrial pressure to a mean of 10 mm Hg (NR) and 10 mm Hg (R) in group 1 (p=NS), 11.9 mm Hg and 12.5 mm Hg in group 2 (p=NS), and a moderate increase of the arteriovenous oxygen content difference to a mean of 8.5 It has been postulated that there is a significant relationship between rejection history and exercise performance in patients who have undergone cardiac transplantation.' It has also been found that acute cardiac rejection is accompanied by alteration in left ventricular filling dynamics detectable by Doppler echocardiography without measurable changes in systolic function.2
In the precyclosporine era, allograft rejection was uniformly associated with myocardial edema, lymphocytic infiltration, and a decrease in diastolic compliance with the appearance of Ss or S4 gallops. 
Statistical Analysis
The data are expressed as mean ± SD. Differences between rest and exercise data were determined with the Student's t test for paired data since all patients included in this study had undergone two similar studies. The Student's t test for unpaired observations was used to determine differences between groups.
RESULTS
The hemodynamics were normal at rest with rejection and without rejection in group 1 and at the end of the first and second post transplantation year in group 2 (Table 1) . However, in group 2, the pulmonary artery wedge pressure increased slightly from 9.6 ± 1.0 mm Hg at the end of the first year to 11.4±2.2 mm Hg at the end of the second year (p=0.05) and the right atrial pressure increased from 6.1±2 mm Hg to 7.5±3.1 mm Hg (p<0.05).
The exercise hemodynamics are summarized in Table 2 for group 1 (with and without evidence of acute cardiac allograft rejection in the right ventricular endomyocardial biopsy specimen) and for group 2 (at the end of the first and second posttransplantation years without evidence of rejection in the right ventricular endomyocardial biopsy specimen). In both groups during exercise, the pulmonary artery wedge pressure increased a moderate level (Figs 1  and 2 ), the right atrial pressure to a mild level (Table 2), and the cardiac index increased from the baseline level to 3.6 to 4.2 L/min/m2. The oxygen consumption was almost identical at rest in both studies and was triple during exercise, indicating that patients most likely had undergone a similar level of mild exercise for their hemodynamic evaluation at two different times in both groups. The arteriovenous oxygen difference increased moderately. The heart rate increased to a level of 104 beats/min. The pulmonary vascular resistance did not change while the systemic vascular resistance decreased and the mean arterial pressure increased slightly.
DISCUSSION
The introduction of cyclosporine in heart transplant recipients in 1980 started a new era in heart transplantation. Cyclosporine has improved survival,4 increased the number of procedures,5 and changed the clinical picture and hemodynamics in acute cardiac rejection. Nevertheless, acute cardiac rejection remains responsible for 25% of deaths in patients undergoing heart or heart-lung transplantation. 6 Previous studies in heart transplant recipients have documented an increase in left ventricular filling pressure during exercise7-9 and an abnormal response to volume loading, 10 (Fig 1 and Table 2 ), an increase of the arteriovenous oxygen (Av02) content difference, and an inadequate increase of the cardiac index manifested by a low exercise factor. However, these findings are consistent with the exercise hemodynamics in group 2 (Fig 2 and Table 2 ) that showed similar results without evidence of allograft rejection in either evaluation. The reduced exercise factor in both groups may be related to a combination of factors: denervation resulting in a loss of adrenergically mediated inotropic and chronotropic support, the cumulative effects of repeated bouts of rejection, prolonged ischemic time during transplantation, and an increased afterload. The absence of further deterioration of the exercise hemodynamics during acute rejection cannot be easily explained.
These findings lead to two different explanations: according to the first explanation, the impairment of heart function during acute mild (7/9) and moderate allograft rejection (2/9), without clinical evidence of allograft rejection, is so minor that maximum exercise would probably be required to bring out a further hemodynamic deterioration. The second one concerns the histologic diagnosis of the rejection itself. Morphologic features and grading of rejection by endomyocardial biopsy specimen are based on those described by Billingham17 for patients in the precyclosporine era. Acute rejection prior to the routine use of cyclosporine was usually associated with hemodynamic deterioration. 
